The Sino-Korean craton and the Qinling micro-basement outcrops can be assigned either a Sino-3.
1,4
The orogenic belt associated with these collisions be ambiguous. 'North China Block' and 'South "f); ' and intervening tectonism extends c.2000 km China Block' are used to refer to the continental west-east through the Qinling, Tongbai, Dabie blocks north and south of the Qinling-DabieShan and Sulu areas and into Korea (Fig. 1) . It is Sulu suture. of special interest because it contains high-pressure The Sino-Korean craton is subdivided into (HP) rocks of four different ages: Grenvillian, three units: the western, eastern and central Devonian, Carboniferous and Triassic. This paper blocks. The western and eastern blocks are aims to provide a review of the collision zone as Archean cratons linked by a central suture belt both a summary of what conclusions have been that formed during collision at c.1.8 Ga (Zhao drawn where and with which data, and as a guide et at. 2000). The U-Pb zircon ages from the to future reseal\;h.
Sino-Korean craton cluster at c.3.8, 3.3, 3.0, 2.5 and 1.7-1.8Ga (Song et at. 1996; Yu et at. . 1996; Zhao et at. 2000) . The craton consists of
Smo-Korean craton a basement of Archaean to Proterozoic metaIn our usage, the Sino-Korean and Yangtze cra-morphic rock overlain by a relatively unintertons comprise Precambrian basement and cover rupted 4-8 km thick superjacent section of as described below; in principle, all Precambrian Sinian (Late Proterozoic to Early Cambrian) to Rbb194, 194, 197, 198, 198 M205, 206, 206, 212 B201, 202, 211, 210 Figure 3 : Geologic units, tectono-thermal/sedimentary events, facies interpretation, radiometric ages, and tectonic interpretation of the Paleozoic-early Mesozoic Qinling orogenic belt. Formation of the intra-oceanic Erlangping arc between ~490-470 Ma was followed by accretion of the lower Qinling micro-continent to the intra-oceanic arc, and to the SinoKorean craton. Subduction underneath the northernmost Liuling unit imprinted the ~400 Ma Qinling arc on the Sino-Korean + Qinling collage. A subduction signature is again evident during the mid-Carboniferous to Late Permian on the Sino-Korean craton, when the Paleo-Tethys was subducted northward, producing the andesitic magmatism on the Sino-Korean craton. In the Late Permian-Early Triassic, the leading edge of the Yangtze craton was subducted to >150 km and subsequently exhumed by crustal extension (after Ratschbacher et al. in press). North China Block-South China Block suture in NCB (Yin & Nie 1993) . This intra-oceanic arc the Hong'an-Dabie areas. can be traced eastward as far as Hong'an, High-pressure metagabbro, amphibolitized where it disappears beneath Cenozoic sediments clogite and felsic granulite associated with (Figs 2 and 4 ). No such ophiolite is known from c.l.0-l.2 Ga ophiolitic rocks were emplaced on Sulu or Korea, but there are several candidates tb the lower part of the Qinling unit in the Song-for Palaeozoic ophiolites in the Kunlun-Altyn shugou area, following high-pressure meta-Tagh-Qaidam-Qilian area (Matte et al. 1996 ; morphism in an oceanic setting (Liu et al. Sobel & Arnaud 1999 ). 1996 Song et al. 1998; Zhang 1999) . The amphibolitized eclogite was derived from MORB, is in S"l. E I D . Q. I.
fault contact with mantle peridotite and contains I unan-ar y evoman In mg arc 4ecompression textures common in many eclo-Following emplacement of the Early Ordovician gites, including symplectites of plagioclase and Erlangping intra-oceanic arc, a continental mardiopside derived from omphacite estimated to gin arc was built on the Kuanping, Erlangping have formed at pressures ~ 1.5 GPa (Zhang and Qinling units from c. 438-395 Ma; this 1999) . A Sm-Nd mineral isochron of 983 Ma implies that the Erlangping and Qinling units' is taken to date later cooling. The high-P felsic were amalgamated with the Kuanping unit (and granulite includes garnet + kyanite + micro-thus the Sino-Korean craton) prior to c.440 Ma perthite + quartz + rutile assemblages formed ( Fig. 3 ). Sediments associated with the arc contain High-pressure rocks that may be associated Cambrian-Ordovician through Ludlovianwith the Qinling arc have been found by Hu Wenlockian (419-428 Ma) radiolaria, and tron-et al. (1995, 1996) in the northern Qinling area djhemites, tonalites, gabbros, and rare pyroxenites (Fig. 2, offset) . Hu et al. reported lenses and with single-zircon PbjPb ages of 470-488 Ma blocks of eclogite, coesite-bearing eclogite and that intrude a volcanic sequence (see summary retrogressed amphibolite within garnet-bearing in Ratschbacher et al. in press). Ratschbacher quartz and phengitic mica schist. While the indi8t al. (in press) proposed south-directed emplace-vidual outcrops are no more than a few metres ment of this arc on to the lower Qinling unit (the wide, the belt of eclogites eJ(tends more thañ inling microcontinent) between c.470 and 10 km (Fig. 2) . The eclogites c~nsist of garnet + 435 Ma, based on the present geographical pos-omphacite + rutile + quartz + zoisite :t phengite itions of the arc, the upper Qinling unit and the (3.5 Si atoms per formula utrit):t amphibole; lpwer Qinling unit. The Erlangping-Qinling col-many have been extensively retrogressed. lision may have been related to the collision of the Inclusions of coesite and its pseudomorphs in Pamir-South Tarim-Qaidam continent with the garnet and omphacite were identified in a few SUBDUCTION, COLUSION AND EXHUMATION 163 samples, based on optical properties and the of California (Ye et al. 1994; Liu et al. 1996) . presence of radial fractures around the inclusions; They have yielded SHRIMP U -Pb zircon ages this identification, however, should be confirmed of c.310 Ma (Sun et al. 2002) , 400 Ma (Jian by Raman spectroscopy. Pressure-temperature et al. 1997 ), a Sm/Nd isochron of 422 Ma estimates based on mineral composition range (Li et al. 1995) , an amphibole 40 Ar /39 Ar age of from 1.3 to 1.5GPa and 590 to 758°C; coesite 400Ma (Jian et al. 1997) , and a muscovite of course would indicate P> 2.6 GPa. A Sm4OAr/39Ar age of 400Ma (Xu et al. 2000a ). Nd isochron for gamet, omphacite, rutile, amphi-Sun et al. (2002) directly tied their c.310 Ma bole and whole rock is reportedly 400:t 16 Ma age to high-pressure recrystallization with laser (although we are unable to reproduce this age ICP-MS trace-element analyses that demonfrom the reported isotopic ratios). strated zircon growth while garnet was stable The Qinling continental arc can be traced east-and plagioclase was not stable. ward as far as Hong' an, where it disappears During and after the formation of the Qinling beneath Cenozoic sedimentary rocks (Figs 2 Andean-style volcano-plutonic arc, the southern and 4). No such arc is known from Sulu or margin of the NCB was dissected by sinistral Korea, but possible correlatives exist in the Kun-wrenching along the Lo-Nan and Shanglun Mountains of northern Tibet (Matte et al. Dan shear systems at 420-380 Ma ( Fig. 2) 1996; Yang et al. 1996) .
(Ratschbacher et al. in press). We assume that oblique subduction imposed these spectacular transDressive wrench zones. Muscovite and bioDevonian-Carboniferous accretionary wedge tite 4t> Ar /39 Ar ages ranging from 348 to 314 Ma A probable fossil accretionary complex, also with have been interpreted to reflect a continuation high-pressure rocks, lies south of the Silurianof this strike-slip motion into the Permian (MatEarl~ Devonian arc in the Liuling and Sujiahe tauer et al. 1985) . On a larger scale, the NCB unit$ (Fig. 3) . The Liuling unit is a mixture of and SCB rifted from Gondwana in the Late siliciclastic and volcaniclastic rocks, amphibolite Devonian-Early Carboniferous (Li & Powell and minor carbonate (You et al. 1993) . Correla-2001 ' et al. 1993 ) have been used to infer a It is unclear whether the inferred Devonian-PerDevpnian age for the entire Liuling; however, mian subduction beneath the NCB produced a t:lu and Meng (1995) showed that several continental margin arc. Younger, Permian and conglomerate-bearing, volcaniclastic deposits, Triassic metaluminous, probably I-type plutons locally containing metabasalts and metacarbo-with low Sri ratios (Xue et al. 1996a (Fig. 1 ) (Zhang 1997), but unit extends as far east as the Xiongdian area of the belt is surprisingly far north of and oblique Hong' an, where eclogite lenses or layers crop to the inferred NCB-SCB suture. put jn quartzite and felsic gneiss. These eclogites We suggest that the pre-collisional, Permocon~ain minor glaucophane and phengite in Carboniferous NE trend of the NCB-SCB suture addition to gamet, omphacite and rutile, and in Tongbai-Hong'an-Dabie and the suture-arc fonned at Po::: 1.3-1.5 GPa, To::: 590-680°C, distance were modified by the Triassic, synsimilar to tectonic blocks in the Franciscan Complex collisional clockwise rotation of the SCB 2000b; Zhou et at. 2000; Liu et at. 2001) ; (3) 2000). While most of the evidence of UHP the Zhangbaling and Bengbu areas, a mostly derives from eclogites, the paragneiss also conblueschist-facies extensional complex (our obser-tains local unambiguous indications of metavations); and (4) the Sulu area (Wallis et at. morphism at similar pressure and temperature, 1999) (Fig. 1) . such that the eclogites clearly were metamorThe evidence of Triassic HP and UHP meta-phosed in situ (Liou et at. 1996) , the same may morphism comes chiefly from a few per cent of not hold true for ultramafic blocks, some of eclogite and garnet peridotite boudins that are which record recrystallization pressures >4 GPa hosted by paragneiss plus less granodioritic-(Okay 1994; Hacker et at. 1997; Liou & Zhang tonalitic orthogneiss (Fig. 6) (Cong 1996; Liou 1998) . The spatial distribution and metamorphic et at. 2000). The highest temperatures and press-conditions of these: HP through UHP rocks ures attained in the coesite-and, locally, diamond-indicate subduction~zone metamorphism on a bearing Dabie eclogites were 825-850 DC and regional scale. The HP to UHP rocks of Dabie-Hong' an are this cool as early as 200 Ma. Such P-T paths, mostly a structural homocline with SE-dipping with concomitant decompression and cooling are foliation, SE-plunging lineation, and overall .. only possible if exhumation was rapid or the slab top-to-NW flow that includes significant coaxial was refrigerated by deeper level subduction stretching (Fig. 7) . In northern Hong' an, how-(Hacker & Peacock 1995; Ernst & Peacock ever, the S-oriented structures rollover through 1996). The exhumation rate is only crudely con-horizontal into a 5-km-thick zone of N(W)-dipstrained to c.3-l5 mm/year. antiforms that are overturned to the north in cenCo uslonal defonnatlon tral Hong'an, and are upright to south facing in
The Triassic NCB-SCB collision produced a southern Hong'an. The coesite-bearing eclogite distinct set of structures throughout the Qinling-unit forms the core of the northernmost antiform; Dabie orogen: NW-SE to N-S contraction by the lowest pressure rocks, blueschist, are present folding and thrusting Ithroughout the belt, sub-only on the south limb of this orogen-scale fold. horizontal NW -SE to N -S extension within The westward decrease in peak metamorphic core complexes along the northern margin of pressures reveals that the antiform plunges the South China Block, and dextral transpressive west. This antiform extends eastward into reactivation of existing shear zones in the Qinling Dabie where it is partially overprinted by the area (Fig. 5) . 
cores of structural d\)mes, exhibit a top-NW
The large-scale Wudang Shan dome (Fig. 4 ) sense of shear and are overlain by extensional that lies west of the UHP Hong'an-Dabie area faults that exhumed die UHP rocks. At least in is an extensional core complex overprinted by Hong'an-Dabie, the entire crystalline core of foreland folding and thrusting. Deformation in " the orogen constitutes a normal-sense shear the Wudang Shan began with an early unrezone c.15 km thick; *e Huwan shear zone, a solved, but possibly contractional deformation, normal-sense detachment that reactivated the was followed by sub-vertical contraction and plate suture, tops the ~xtensional allochthon in sub-horizontal N -S extension during bluesHong'an (Hacker et I at. 2000; Webb et at. chist-greenschist- (Fig. 4) is located at different the foreland SCB fold-thrust belt south and east positions along the Qinling orogen. In the of Hong'an-Dabie, which show a Triassic to Qinling mountains, the northern limit of extenCretaceous extensional overprint, are related to sion is the Wudang basement; the Douling unit (after Schmid et al. 1999; Hacker et al. 2000; Ratschbacher et al. 2000; Webb et al. 2001) . Areas disturbed by Cretaceous plutons are not included in the synoptic stereonets. Stereonets from eastern foreland show dominantly brittle faults: (1), (2), and (3) indicate principal stress directions; B, fold axis; S0, bedding; and Sf, foliation.
is non-mylonitic and lacks significant Triassic sedimentation (Huang & Opdyke 2000) or metamorphism. In northern Hong' an, the unconfonnable deposition of coarse carbonate Huwan shear zone constitutes a lithosphere-breccias (Breitkreuz et al. 1994 ). Yin & Nie scale reactivation of the Devonian-Triassic (1993) proposed that the transition from marine subduction complex. In Dabie, the Huwan to continental sedimentation was diachronous: detachment cannot be mapped, as Cretaceous Early Permian in Shandong and Korea, Lower/ tectonism has obliterated earlier fabrics, but the Upper : Permian south of Sulu, Lower/Middle northern limit of extension must be south of Triassic SE of Dabie. the Foziling and Luzhenguang units, which Nie ~t al. (1994) and Zhou & Graham (1996) Syn-to post-collisional overlap assemblage (I) Unfolding the 'Hong' an antifonn' -the Changes in sedimentation patterns are often orogen-scale fold trending NW -SE across among the best guides to collisional timing.
Hpng'an-Dabie -yields aN-dipping Depositional facies up through the Permian lithospheric slab with coesite eclogite in trend E-W in the southern NCB, and NNE in the north and lower pressure rocks progressthe northern SCB (Han et al. 1989; Sun et al. ively farther south and closer to the interior 1989; Wang et al. 1989; Zhang et al. 1989) .
of the SCB. The upper boundary of the slab Although collision-related (?) shortening began is: the Huwan shear zone, which encomon the SCB in the Early to Middle Triassic, p~sses the suture between the NCB and the major sedimentological change occurred t~ SCB, implying that it is essentially a in the Middle Triassic, which was marked plate boundary reactivated as a litholocally by either a depositional hiatus, continental sphere-scale, nonnal-sense shear zone. two plates as the result of Late Pennian-Early ed~e of the SCB. In Dabie, it lies south of Triassic indentation of the NCB by the SCB; th(j Luzhenguang unit. This implies that they rationalized that the active margin of the the Douling, Luzhenguang and other units NCB should have been relatively straight and (i) represent the leading edge of the SCB that the passive margin of the SCB could have but were not subducted; (ii) were originally been relatively complex. Gilder et al. (1999) crisouth of the HP-UHP rocks and ended up ticized this idea because of a 'lack of significant in their present position as a result of exhufolding of Phanerozoic rocks. . . north of the Sulu mation of the HP-UHP rocks; or (iii) are belt', and proposed instead that the older NCB part of the NCB (although of Yangtze affiacted as a rigid indentor to deform the SCB in nity, like the Qinling unit), but are now the Early to Middle Jurassic -leading to the mysteriously south of the Liuling, Xinyang palaeomagnetically recorded bending of the an(l Foziling units and escaped intrusion by Lower Yangtze fold-thrust belt (Gilder et al.
the Qinling arc. 1999), formation of the Tan-Lu fault, and 600 (4) A weakness of the exhumation model outof relative rotation between the NCB and SCB lined in the previous section is that we (Zhao & Coe 1987 
